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PURPOSETo obtain a method for producing lactones, especially gamma-butyrolactone in high activity 
and yield under relatively mild conditions using a stable catalyst in hydrogenating a saturated and/or an 
unsaturated dicarboxylic acid anhydride as a raw material. CONSTITUTIONThis method for producing 
lactones is characterized by using an organic diphosphine compound in hydrogenating a saturated 
and/or an unsaturated dicarboxylic acid anhydride in the presence of a ruthenium catalyst in a liquid- 
phase homogeneous system. 
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DETAILED DESCRIPTION 
[0001] 

[Industrial Application] This invention relates to the manufacturing method of the 
gamma-butyrolactone which is a compound useful as synthetic powder, such as a solvent 
and pyrrolidones, especially about the manufacturing method of lactone. 

[0002] 

[Description of the Prior Art] Many proposals are made about the approach for 
hydrogenating the anhydride of saturation and/or partial saturation dicarboxylic acid by 
the liquid phase homogeneous system, and manufacturing lactone conventionally. 

[0003] For example, in the U.S. Pat. No. 3,957,827 number, there is an example of the 
hydrogenation reaction which used RuC12(PPh3) 3, and making an organic amine live 
together for the same catalyst is indicated by the U.S. Pat. No. 4,485,246 number, and the 
method of making an octyl phosphine and an organic acid live together in Ru (acac)3 is 
indicated by JP,64-25771,A. 

[0004] 

[Problem(s) to be Solved by the Invention] Although a reaction advances under 
comparatively mild conditions when using a ruthenium catalyst by the liquid phase 
homogeneous system, catalytic activity will be low and a reaction will take long duration 
to it. Moreover, it becomes trouble, when making an organic amine live together (U.S. 
Pat. No. 4,485,246 number), and the clearance actuation is needed and it reacts by the 
homogeneous system, since a hydrochloride precipitates. 

[0005] In the approach (JP,64-25771,A) of making an octyl phosphine and an organic 
acid living together in Ru (acac)3, the stability of a catalyst poses a problem that an octyl 
phosphine tends [ very ] to oxidize. 

[0006] Then, in hydrogenating saturation and/or a partial saturation dicarboxylic acid 
anhydride as a raw material, the object of this invention is under a comparatively mild 
condition using a stable catalyst to offer the approach of manufacturing lactone, 
especially gamma-butyrolactone by high activity and high yield. 

[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, as a 
result of inquiring wholeheartedly, by making an organic diphosphine compound live 
together for a ruthenium catalyst, this invention persons find out that hydrogenation 
catalyst activity improves, and came to complete this invention. 

[0008] That is, in hydrogenating the anhydride of saturation and/or partial saturation 
dicarboxylic acid by the liquid phase homogeneous system, this invention relates to the 



new manufacturing method of the lactone characterized by using an organic diphosphine 
compound under existence of a ruthenium catalyst. 

[0009] This invention is explained to a detail below. 

[0010] The anhydride of saturation and/or partial saturation dicarboxylic acid is used for 
this invention as a raw material. Although there is especially no limit in the anhydride of 
saturation and/or partial saturation dicarboxylic acid, a carbon number can use the 
anhydride of the dicarboxylic acid of 4 to 10 suitably. Specifically, a maleic anhydride, a 
succinic anhydride, itaconic acid anhydride, an anhydrous citraconic acid, an anhydrous 
methyl succinic acid, an anhydrous glutaric acid, etc. are mentioned. Among these, a 
maleic anhydride and a succinic anhydride are more desirable, and can obtain gamma- 
butyrolactone by high yield in this case. 

[001 1] Moreover, if the dicarboxylic acid anhydride of the saturation which is these raw 
materials, or partial saturation has the the same hydrogenation product, it may be mixed 
by what kind of ratio. 

[0012] In this invention, a ruthenium catalyst is used as a catalyst. Although there is 
especially no limit in a ruthenium catalyst, various kinds of inorganic compounds, 
organic compounds, or complex compounds of a ruthenium etc. can be used, concrete - 
ruthenium chloride and bromination ~ a ruthenium and an iodation ruthenium - Chelate 
compounds, such as organic-acid salts, such as inorganic-acid salts, such as a nitric-acid 
ruthenium, and an acetic-acid ruthenium, and a tris (acetylacetone) ruthenium, A dichloro 
tris (triphenyl phosphine) ruthenium, a chloro tris (triphenyl phosphine) hydride 
ruthenium, A dichloro tetrakis (triphenyl phosphine) ruthenium, a dichloro dicarbonyl 
bis(triphenyl phosphine) ruthenium, A tricarbonyl bis(triphenyl phosphine) ruthenium, a 
chloro hydride carbonyl tris (triphenyl phosphine) ruthenium, Organic phosphorus 
complex compounds, such as a bis(tri-n-butyl phosphine) tricarbonyl ruthenium, Tetra- 
carbonyl ruthenium acid 2 potassium, a PENTA carbonyl ruthenium, A dibromo 
tricarbonyl ruthenium, dodecacarbonyl triruthenium, Carbonyl complex compounds, such 
as a tetra-HIDORI dodecacarbonyl ruthenium, a tetra-carbonyl dihydrido ruthenium, 
OKUTADEKA carbonyl hexa ruthenium acid JISESHIUMU, and undeca carbonyl 
hydride triruthenium acid tetra-phenyl phosphonium, etc. are mentioned. 

[0013] The 100 mols of the range of 0.001 to ten mols of the amount of the ruthenium 
catalyst used are preferably good from 0.00001 as a ruthenium in 11. of reaction 
solutions. 

[0014] In this invention, an organic diphosphine compound is used with a ruthenium 
catalyst. Although there are what an organic diphosphine compound configurates 
depending on a ruthenium catalyst, and a thing which carries out ligand exchange, it does 
not interfere at all. Therefore, according to a request, may compound and use a ruthenium 
organic diphosphine complex in reaction mixture, and a ruthenium catalyst and an 
organic diphosphine compound are made to react beforehand by the well-known 
approach, and even if it compounds and uses a ruthenium organic diphosphine complex, 



it does not interfere. Of course, it cannot be overemphasized that it is good to also have 
made the ruthenium catalyst and the organic diphosphine compound live together in the 
system of reaction with a raw material. 

[0015] If, as for the organic diphosphine compound used by this invention, two 
phosphines are contained in intramolecular, there is especially no limit and it can use the 
organic diphosphine compound of various kinds of aliphatic series and aromatic series. 
Specifically 1, 2-bis(diphenyl phosphino) ethane, 1, a 3-bis(diphenyl phosphino) propane, 
1, 4-bis(diphenyl phosphino) butane, 1, a 5-bis(diphenyl phosphino) pentane, 4S and 
(5S)-(+)-4, the 5-screw (diphenyl phosphino methyl) -2, the 2-dimethyl -1, 3-dioxolane, 
Aliphatic series diphosphine, such asR [ 4 ] and (R[ 5 ])-(-)-4, the 5-screw (diphenyl 
phosphino methyl) -2, the 2-dimethyl -1, and 3-dioxolane A 1 and l'-bis(diphenyl 
phosphino) ferrocene, (R)-(+)-2, 2 'bis[ - / 1 and 1 ] (diphenyl phosphino)'-binaphthyl, (S) 
Aromatic series diphosphine, such as -(-)-2 and 2 'bis[ - / 1 and 1 ] (diphenyl phosphino)'- 
binaphthyl, is mentioned, and these can be used combining a kind or two sorts or more. 

[0016] The 100 mols of the amount of the organic diphosphine compound used used by 
this invention are preferably used from 0.1 in 0.5 to 50 mols to one mol of ruthenium 
catalysts. Effectiveness sufficient in less than 0.1 mols is not discovered, but if 100 mols 
are exceeded, activity will fall to reverse remarkably. 

[0017] Furthermore, the organic phosphinc compound which contains one phosphine in 
intramolecular may be added if needed. When adding, thoria reel phosphines, such as 
trialkylphosphine, such as tributyl phosphine and a trioctyl phosphine, triphenyl 
phosphine, and a tritolyl phosphine, can be used, and the 200 mols or less of the amount 
used are preferably used in 100 mols or less to one mol of ruthenium catalysts. 

[0018] In the approach of this invention, a reaction is presented with the anhydride of 
saturation and/or partial saturation dicarboxylic acid, after making it dissolve in a solvent 
preferably. If it does not react with a substrate and does not react to a hydrogenation 
reaction as a solvent with the lactone which is inactive and is a product further, there will 
be especially no limit. For example, diethylether, dimethoxyethane, a jig lime, a 
TORIGU lime, Ether, such as tetraglyme, a tetrahydrofuran, and dioxane, Aliphatic 
hydrocarbon, such as n-hexane and a cyclohexane, benzene, toluene, Aromatic 
hydrocarbon, such as ethylbenzene, a cumene, and diisopropylbenzene, Ureas, such as 
amides [, such as lactone, such as acidic solvents, such as an acetic acid, and gamma- 
butyrolactone, 2-pyrrolidone, and N-methyl pyrrolidone, ], N, N and N, N- 
tetramethylurea, N, and N'-dimethyl imidazo RIJION, are mentioned. 

[0019] The amount of the solvent used will not be limited at all, if it is extent which a raw 
material dissolves in reaction temperature. 

[0020] The reaction by the approach of this invention is carried out under warming and 
hydrogen application of pressure. Especially a limit may not be in the reaction approach 
and you may be the reaction approach of a negotiation type, a batch process, or a half- 
batch process. 



[0021] As for reaction temperature, 50-300-degree C 120-250 degrees C are usually 
chosen preferably. Even if it makes it higher than this, a side reaction product increases 
and is not desirable. Conversely, if temperature is made lower than this, it will become 
disadvantageous in respect of a reaction rate, moreover, the pressure of hydrogen — 
usually ~ 10-150kg/cm2G ~ 15-120kg/cm2G is chosen preferably. From this, with high 
voltage, it is unnecessary on equipment and economy, and with low voltage, a reaction 
rate becomes slow from this, and it becomes disadvantageous. 

[0022] Although it is difficult to decide the range generally in order to change by the 
method or the reaction approach of setting out, such as temperature, a pressure, and the 
amount of catalysts, in a batch process and a half-batch process, 1 hours or more are 
usually required for reaction time, and it is preferably good. [ of 1 - 16 hours ] Although 
it may be longer than this, a reaction advances enough within the limits of this. If it is less 
than [ this ], a high invert ratio may not be obtained. Moreover, in a continuous system 
reaction, the residence time is good in 0.1 - 10 hours. 

[0023] 

[Example] Hereafter, although an example explains this reaction in more detail, this 
reaction is not limited only to these examples. 

[0024] After teaching lOOmg [ of succinic anhydrides ] (lmmol), and dichloro tris 
(triphenyl phosphine) ruthenium 2.9mg (0.003mmol), 1, and l'-bis(diphenyl phosphino) 
ferrocene 3.3mg (0.006mmol), and tetraglyme 1ml to the autoclave made from stainless 
steel of 1 10ml of examples and permuting the inside of a system by it enough from 
hydrogen, hydrogen was pressed fit so that it might be set to 50kg/cm2G. Temperature up 
was carried out to 180 degrees C, carrying out heating churning, and the hydrogenation 
reaction was performed for 2 hours. 

[0025] The autoclave was cooled to the room temperature after reaction termination, 
hydrogen was purged continuously, and reaction mixture was taken out. As a result of gas 
chromatography's analyzing reaction mixture, the yield of gamma-butyrolactone was 
82.4-mol% to the succinic anhydride of a raw material. 

It reacted like the example 1 except having not used the example 1 1 of a comparison, and 
a l'-bis(diphenyl phosphino) ferrocene. 

[0026] As a result of analyzing it as an example 1 similarly, the yield of gamma- 
butyrolactone was 68.2-mol% to the succinic anhydride of a raw material. 

[0027] It reacted like the example 1 except having set the example 21 and the amount of 
1 '-bis(diphenyl phosphino) ferrocenes to 1 .7mg. 

[0028] As a result of analyzing it as an example 1 similarly, the yield of gamma- 
butyrolactone was 81.7-mol% to the succinic anhydride of a raw material. 

[0029] As an example 3 - a 6 organic diphosphine compound, 1 , 4-bis(diphenyl 



phosphino) butane 2.6mg (example 3), 1, 5-bis(diphenyl phosphino) pentane 2.6mg 
(example 4), 4S and (5S)-(+)-4, 5-screw (diphenyl phosphino methyl) -2, 2-dimethyl -1, 
and 3-dioxolane 3.7mg (example 5), (R) Reaction and analysis were performed like the 
example 1 except having used -(+)-2 and 2 'bis[ - / 1 and 1 ] (diphenyl phosphino)'- 
binaphthyl 3.0mg (example 6). The result was shown in a table 1. 



[0030] 
[A table 1] 
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[0031] After teaching 2.86g [ of succinic anhydrides ] (28.6mmol), and dichloro tris 
(triphenyl phosphine) ruthenium 34.2mg (0.036mmol), 1, and l'-bis(diphenyl phosphino) 
ferrocene 39.6mg (0.071 mmol), and tetraglyme 1 1ml to the autoclave made from 
stainless steel of 750ml of examples and permuting the inside of a system by it enough 
from hydrogen, hydrogen was pressed fit so that it might be set to 30kg/cm2G. 
Temperature up was carried out to 200 degrees C, carrying out heating churning, and the 
hydrogenation reaction was performed for 2 hours. 

[0032] The autoclave was cooled to the room temperature after reaction termination, 
hydrogen was purged continuously, and reaction mixture was taken out. As a result of gas 
chromatography's analyzing reaction mixture, the yield of gamma-butyrolactone was 
92.4-mol% to the succinic anhydride of a raw material. 

After teaching tris (acetylacetone) ruthenium 14.2mg (0.036mmol), octyl phosphine 
132mg (0.36mmol), and tetraglyme 1 1ml to the autoclave made from stainless steel of 
250ml of examples of a comparison and permuting the inside of a system enough from 
hydrogen, hydrogen was pressed fit so that it might be set to 30kg/cm2G, and the 
hydrogen treating was performed at 200 degrees C for 2 hours. Next, after adding 60mg 
(0.31mmol) of p-toluenesulfonic acid, and 2.86g (28.6mmol) of succinic anhydrides to 
this catalytic liquid and permuting the inside of a system enough from hydrogen, 
hydrogen was pressed fit so that it might be set to 30kg/cm2G. Temperature up was 
carried out to 200 degrees C, carrying out heating churning, and the hydrogenation 
reaction was performed for 4 hours. 

[0033] The autoclave was cooled to the room temperature after reaction termination, 
hydrogen was purged continuously, and reaction mixture was taken out. As a result of gas 
chromatography's analyzing reaction mixture, the yield of gamma-butyrolactone was 
70.7-mol% to the succinic anhydride of a raw material. 



98mg (lmmol) of maleic anhydrides was used instead of the example 8 succinic 
anhydride, and it reacted like the example 1 except having made reaction temperature 
into 200 degrees C. 

[0034] As a result of analyzing it as an example 1 similarly, the yield of gamma- 
butyrolactone was 49.3-mol% to the maleic anhydride of a raw material. 

[0035] It reacted like the example 8 except having used triphenyl phosphine 3.2mg 
(0.012mmol) instead of the example 3 1 of a comparison, and the l'-bis(diphenyl 
phosphino) ferrocene. 

[0036] As a result of analyzing it as an example 1 similarly, the yield of garama- 
butyrolactone was 31.9-mol% to the maleic anhydride of a raw material. 

[0037] 

[Effect of the Invention] According to this invention, in hydrogenating saturation and/or a 
partial saturation dicarboxylic acid anhydride as a raw material, lactone can be 
manufactured by high activity and high yield by performing a hydrogenation reaction 
under existence of a ruthenium catalyst and an organic diphosphine compound. 

CLAIMS 

[Claim 1] The manufacture approach of the lactone which is characterized by using an 
organic diphosphine compound in hydrogenating the anhydride of saturation and/or 
partial saturation dicarboxylic acid by the liquid phase homogeneous system under 
existence of a ruthenium catalyst. 

[Claim 2] The manufacture approach of lactone according to claim 1 that the anhydride 
of saturation and/or partial saturation dicarboxylic acid is an anhydride of a succinic acid 
and/or a maleic acid, and lactone is gamma-butyrolactone. 
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7xD-fe>3. 3mg (0. 0 0 6mmol) . fh7 

^. 5 0kg/cm ! GI:S5J:7fc***EAL.fc. 

*ffofc. 

[0 0 2 5] S^»7^. *-h7P-7£SiaaT?i^ 

7fD5f h>»«»t3iWO«C3^*«K*LT. 

8 2. 4mo 1 XTftot, 

Jt«SWl 

1, 1' -tfX 077xX;i,*X7^y) 7xn-fe>Sr 

so ioo2 6] mi&Mit®mzftifiLittemr-y?-v 
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72 b><Dtzmmn<DM*3/\>7M\zttLT> 6 8. 

2 mo 1 %T?£>ofc. 

[0027] nmm2 

1, 1' -£X (iJ7irMX7^ /) 7iDt>l 
tl. 7mgfcl,*^ttSd*mfcH«fcLTfilfi* 

[0 0 2 8] $*M 1 tH«K»«rb&ll*. 7-7^ 

1. 7 mo 1 %r$>-3tc, 
[0 0 2 9] %JM3~6 



*^*x7^y> ^>2. 6mg mmms) . 1, 

5-»fX (?7i=;l/*X7-fy) ^>^>2. 6mg 
(8HMI4) , (4S, 5S) - (+) -4, 5-HX 
(y7xrWX7^;^?W -2, 
1, 3-j7*+V5>3. 7mg (56JSW5) . (R) 
- (+) -2, 2' -k*X (^7x-JU*X7^ 
1. 1' Omg 3tdtM6) fcffltAfc 

fiW-H3«il!14:Hllk:S«ar«^«fSff'3fc. 

? [00 30] 
[Si] 



m m m 


r -yf07? FV<7)JR¥ (X) 


3 


76. 0 


4 


75. 6 


5 


76. 2 


6 


80- 1 



[0031] mmm7 

5 Oml0Xx>UX|W— h£U-7"fc, **3A^ 
K2. 86g (28. 6mmo 1) , VZUUhVZ 
(h'J7xZWX7^» ;i/?--i7i34. 2mg 
(0. 0 3 6mmol), 1, 1 ' -KX (i?7x^ 
*X7-f/) 7iDt>3 9. 6mg (0. 07 1mm 
oD.fhJ^AllmlSftM, *ft«*X 50 
miSLfcSI, 3 0kg/cra ! GCS-5J:5ll* 
*S£EAL£. MMSttLft^S 2 0 OtCJMU 2 

[0 0 3 2] KJSiHTa. t- hifV-rf^m&ircn 

9 2. 4mo 1 %~?$>-3tz. 
Jfc«H2 

5 0ml 07sX>L-7St^-h7V-7*l;hUX (7-fe 40 
?)V7±h» ;Pt--7A14. 2mg (0. 0 3 6m 
mo 1) . t?fWX7^>l 3 2mg (0. 3 6m 
mo 1) . y-Y-rify^kX lml £{tji*. 
*T?-HHH*lxfc«, 3 0kg/cm 2 GlCfcSJ;5lC 
**SEEAL» 2 0 0t;t2l^lffl*l|§ftJSa*ffa"3 

it. E©j»«*Kp-MVx>x;M*>S6 0m 

g (0. 3 lmmo 1) , **3Ai7»2. 8 6 g (2 
8. 6mmol) SJP*, 

3 0 kg/cm 2 GfcfcS«k'5l;:**£EAl/fc. 
iD&flt#L&#tiE> 2 0 CCfcJWU 4B#[IB**ft;E« 50 



[0 0 3 3] Efc**7&. *-h7P-7*&Sia*T?& 
«£#X*n^^77^-iC£9##rLfci|gfll, t- 
7 0. 7mo 1 XTfe-afc. 

S^AJ'lBfthOClUtTH^S Bmg (lm 
mo 1) fcttfflU 2 0 CCtL&eWJg? 

[0 0 3 4] fcW«l;:#*TU&*9*, t-T*^ 

9. 3mo 1 
[0 0 3 5] tttt«|3 

1, 1' -fcfX (-/7i-MX7-fy) 7xD-fe>© 
ftbDteh'J7xX.>MvX7^>3. 2mg (0. 0 1 
2mmol) SfflV»&6^tt^JSW8tR»fcM**ff 

[0 0 3 6] SIJfi«l tR*H»«Tbfc<S*. t-7*^ 
a7^h>©JR*l*JH»©*l* , TW>MK^l/T. 3 
1. 9mo lVrfc^fc. 

[00 3 7] 

(3. ;i'r=7i«SSW|y*77i' >{&£*©££ 
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tttE/HHMfflatiWf#l-9-l 



